Geophysical and physicochemical methods were carried out to examine the effect of leachate on groundwater in a dumpsite location in Akwa Ibom State, Nigeria. This was done to ascertain the level of organic contamination in the wells located in the study area. The analysis of water samples from boreholes close to the dumpsite was done to constrain the interpretation of electrical resistivity data on the reality of the effect imposed by dumpsite leachate on the hydrolithofacies. The resistivity values of the underlying layers were observed to be lower than the overlying layer, an effect which may be associated with the infiltration of leachate into the underlying layers. The geohydrolayer resistivities range from 78.4 to 1,669.8 Ωm. The contour maps generated display the variations of the parameters. The elevation contour map indicates the flow of groundwater in a southwest-northeast direction which also depicts the direction of leachate flow. The physicochemical water samples show differences in concentrations of the physicochemical parameters. The concentrations of the ions in the water samples measured are compared with the WHO standard for drinking water. The sodium absorption ratio and sodium percentage show that the groundwater within the dumpsite has no negative effect on the subsurface.
INTRODUCTION
water in the dumpsite under study is not exposed to saltwater-freshwater interaction and as such the possibility of contamination by ingress of saltwater into freshwater in the dumpsite location is not decipherable (George et al. b) . In determining the quality of groundwater, the geochemical or biogeochemical mineral composition of aquifer rocks and groundwater flow are considered. The flow of these minerals helps in determining the direction of leachate flow in the groundwater.
Although the mineralized water has agricultural benefits, environmental and human health conditions can be negatively affected.
Groundwater compared with surface water has a lesser degree of contamination (George et al. ) . The chemicals in the waste are dissolved by water (a process called leaching) resulting in leachate, which has the potential to pollute groundwater resources. The electrical properties of the groundwater change as a result of the contaminants percolating into the subsurface (Al-Tarazi et al. ). The physicochemical characteristics of the leachate depend primarily upon waste composition and water content (Mor et al. ) . There is need for proper knowledge of the subsurface geology since groundwater is the major source of water supply. Wildcat drilling has exposed many groundwater repositories to contamination due to inadequate scientific knowledge of the location of water-bearing sediments (Ibuot et al. ; George et al. ; Ibanga & George ) . Electrical resistivity methods enable the detection of contamination plumes due to the large contrast in the electrical conductivity of leachate generated to that of groundwater (Pomposiello et al. ) . The integration of geophysical and physicochemical methods in assessing groundwater quality gives precise and valuable results, since the physicochemical method helps in confirming the resistivity characteristics of groundwater (Abbaspour et al.
).
Generally, the electrical resistivity method is preferred in a groundwater study due to its high resolving power, economic viability and its minimal to non-invasiveness. In a geophysical survey, the measured physical parameters 
LOCATION AND GEOLOGY OF THE STUDY AREA

METHODS
Geophysical method
The electrical resistivity survey was carried out using an SAS 4000 ABEM Terrameter to determine the subsurface resistivity distribution from measurements made on the ground surface. The transmitting and receiving electrodes are the current and potential electrodes respectively. The Schlumberger electrode configuration was employed for the study and ten VESs were carried out covering the dumpsite.
This was done within the half current electrode spacing 
where K is the geometric factor and depends on the electrode arrangement and R a is the apparent resistance that is measured on the field from the equipment. Equation (1) can also be written as
where AB is the distance between the two current electrodes, MN is the distance between the potential electrodes, and where
The global positioning system was used in measuring the coordinates of the sounding points. The apparent resistivity obtained was plotted using a bi-logarithm graph and the curves were smoothed to remove the effects of lateral inhomogeneities and quantitatively interpreted in terms of true resistivity and thickness by conventional manual curves and auxiliary charts (Orellana & Mooney ) . The manually interpreted data were improved on WinResist software (Tables 1 and 2 ). The geoelectric parameters of the aquiferous layers (resistivity and thickness) obtained from the model curves were used in computing the parameters shown in Table 3 . The parameters are the longitudinal conductance, which is the ratio of layer thickness to resistivity, and transverse resistance which is the product of layer resistivity and thickness.
The distribution of the Dar-Zarrouk parameters (longitudinal conductance and transverse resistance) were calculated from the interpreted layer parameters, resistivity and thickness (Maillet ; Niwas & Singhal ) using the expressions in Equations (3) and (4):
where ρ is the resistivity of the layer, h is the layer thickness, S is longitudinal conductance and T is transverse resistance.
Equations (3) and (4) 
The water suitability for irrigation was tested using the sodium adsorption ratio (SAR) given by
where Na þ is the sodium ion, Ca 2þ is the calcium ion, and Mg 2þ is the magnesium ion. 
KQ
The sodium percentage (Na%) in the water sample was determined using
where K þ is the potassium ion.
Physicochemical method
Three water samples were collected from three boreholes ( were measured using thermometer, water conductivity and 09
Kion pH meters. The laboratory analysis was carried out to determine the cations (Na 
RESULTS AND DISCUSSION
Vertical electrical sounding
The quantitative interpretation of the VES data (Figure 2) gives detailed results of true resistivity, thickness and depths (Tables 1 and 2) , with a resolution of three to five geoelectric layers observed within the maximum current electrode separation. Based on the interpreted results, the The fourth layer ranges from 78.4 to 603.8 Ωm with thickness and depth that are undefined within the maximum current separations except at VES 6, which has the fifth layer with a resistivity of 219.0 Ωm. The relatively low resistivity of the third and fourth layers may be due to conductive argillites due to leachate contaminants emanating from the dumpsite.
Comparing values of resistivity in the dumpsite with resistivity values from VES points located more than 1 km away from the dumpsite in an unpolluted environment as shown in Table 2, high resistivity values were observed in the aquifer layers.
Zones of high and low resistivity can be delineated. The zone of lower resistivity may be delineated as the zone where the leachate accumulates and these zones are more conductive compared with the overlying layers.
The distribution of aquifer resistivity and thickness used in calculating the Dar-Zarrouk parameters and conductivity is shown in Table 3 The protective capacity is assessed using the longitudinal conductance, which determines the capacity to prevent leachate infiltration into the groundwater repository. It indicates the ability of the characteristics of the subsurface to prevent or favour leachate percolation. Figure 6 is a contour map showing the variation of the longitudinal conductance in the study area (protective capacity). The zone with good protective capacity can be observed in the southeast, while the greater parts of the study area can be classified as zones with poorly, weakly and moderately protective capacity. This makes the zones vulnerable to plumes from leachate contaminants. Figure 7 shows the variation of transverse resistance in the study area. The northeast reflects a zone with high transverse resistance, which is an indication of high aquifer thickness, as shown in Figure 7 .
It can be inferred that this zone may have high transmissivity and high aquifer yield. Aquifer conductivity (Figure 8) is observed to be high in the southeast of the study area, in a reverse of aquifer resistivity. It can be inferred that the southwest is low in conductivity, an indication that the zone is highly resistive. The low resistivity zones can be interpreted to be soil or sand saturated with leachate, which reflects the infiltration. Thus, there is a chance for downward migration of leachate to the groundwater in the weak zone (Iyoha et al. ; Ganiyu et al. ) , in the zone where the overlying layers have high resistivity values compared to the underlying layers. The lateral and vertical flow of leachate in the subsurface of the study area is specifically taking the path of the topographic elevation, which shows a direct flow from a topographically high region to a topographically low region in Figure 9 . The flow direction due to elevation From the result, the Na% values for BH A, BH B and BH C were 40.76%, 28.66% and 30.73% respectively.
Since the values are below the reference point of 60%, this
shows that the water samples will be favourable for irrigation and other agricultural purposes (Raju et al. ;
Bahar & Reza ; Akpan et al. ). This may due to the fact that the calcium which gives the soil its friable, loamy and permeable structure is not affected by the percentage of sodium, thus indicating that the dumpsite water will not affect agricultural production negatively by resulting in impaired drainage and increase in compaction. 
CONCLUSION
The results of the geophysical and physicochemical study carried out have been presented in this paper. A total of ten VES and water analysis from three boreholes close to the dumpsite were evaluated. The spatial distribution of aquifer resistivity and thickness were displayed on the contour maps as well as the distribution of longitudinal conductance, transverse resistance and aquifer conductivity.
The third and fourth aquiferous layers were observed to be zone-dominated with low resistivity values. This seems to be an aberration considering the kind of geological materials within these layers. These layers occur at depths exceeding 30 m, the zone suspected to be leachate-prone. was also observed from the SAR and percentage of sodium (Na%). Hence the water in the study area will boost agricultural production as it will not have any adverse effect on plants and soil.
